The objective of this publication is to present a modeling system that allows investigating the possible climate change-driven effects of air pollutants on human health. The system connects global climate change to ambient air pollution concentrations that then are linked to epidemiological endpoints. The tool has been applied to quantify the future ( 
Introduction
Rapid advances in computer science and physics of the atmosphere, especially in the use of downscaling tech-niques offer new opportunities to investigate health problems related to urban climate [1] . Poor Air Quality (AQ) is a global issue and the evidence for adverse health effects of surface pollutants, such as ozone (O 3 ) and particulate matter (PM), has been strengthened in the 2013 assessment by the World Health Organization. Air pollution in both cities and rural areas was estimated to cause 3.7 million premature deaths worldwide in 2012 alone [2] . One of the most evident cases is that the surface ozone is strongly correlated with temperature during pollution episodes [3] . Uncertainty in Global Climate Model (GCM) projections of future climate change generally increases as the spatial scale of interest decreases. Dynamical downscaling of GCM fields using regional and urban climate/air quality models could significantly improve the simulation of future air quality [4] . One goal is try to understand the interaction of climate change with urban areas to provide valuable information to consider adaptation and mitigation strategies [5] . Note that to be studying urban areas need very high resolution information to capture the high spatial variability of air pollution in a city [6] . Downscaling processes and procedures offer information on climate change at an appropriate spatial and temporal scale [7] .
Material and Methods
Meteorological and air quality fields corresponding to one emissions scenarios were simulated through different modelling tools for the full years of 2011 (present), 2030, 2050 and 2100 (future). We made use of a single year of simulated meteorology and air quality in this study to capture peak events that may have been moderated or lost from a statistical average over successive years. Air pollution changes were modelled for the 2030, 2050, 2100 with two climate scenarios in reference to base year (2011) conditions in the following urban areas: Madrid, Milan and London. Now we will describe the datasets and tools.
Climate Scenarios
The Intergovernmental Panel on Climate Change (IPCC) in the Fifth Assessment Report (AR5) has defined four possible emissions scenarios know as Representative Concentration Pathways (RCPs). The emissions scenarios RCP4.5 and RCP8.5 were selected for the global projection in this experiment as they represent medium-low and high ranges assumptions pertaining to emissions growth and radiative forcing. The RCP 8.5 [8] is developed by the MESSAGE modelling team and the IIASA Integrated Assessment Framework at the International Institute for Applies Systems Analysis (IIASA), Austria. The RCP 4.5 [9] , is developed by the MiniCAM modelling team at the Pacific Northwest National Laboratory's Joint Global Change Research Institute (JGCRI). It is a stabilization scenario where total radiative forcing is stabilized around 2050 by employment of a range of technologies and strategies for reducing greenhouse gas emissions.
Downscaling
The downscaling system is show schematically in Figure 1 In the 1 km resolution Urban Canopy Model (UCM) is activated. The UCM is based on the Town Energy Budget approach by Masson [11] . In the second option (200 meters of spatial resolution) we use the diagnostic meteorological model CALMET [12] from California Air Resources Board (CARB), V5.8.4 July, 31, 2013. CALMET model is applied to process the downscaling from 25 km spatial resolution to 0.2 km spatial resolution domain centered over the cities. CALMET model can reduce the computational cost of the two dynamical downscaling levels used in the option 1. CALMET, -as a diagnostic model-, does not produce "dynamics" as WRF-Chem model so all advection and diffusion processes are neglected. In this option for the air quality data The Community Multi-scale Air Quality (CMAQ) modelling system has been also implemented [13] . The Air Quality (AQ) downscaling process over the cities is performed by running the CMAQ model over the specific cities with 1 km spatial resolution, using the WRF-Chem Europe scale model outputs as boundary conditions, -a procedure also known as off-line nesting-. The GCM/CALMET linked model provides the meteorological inputs needed for the air quality simulations with CMAQ.We have used an adapted version of CMAQ for this task using "linear chemistry" which reduces on about 50% the total computational time. We will name CMAQL to the CMAQ model version with linear chemistry. The final refinement from 1 km to 200 m is developed with an interpolation tool called Cressman objective analysis [14] . Finally in the third case (the best resolution) we use a computational fluid dynamical modelling system (MICROSY) to go from the 1 km resolution to the 10 meters resolution over specific areas. The produced 3D fields of meteorological variables and selected pollutants in the option one (1 km) are used as BCs and ICs for the street scale runs over the selected urban areas. MICROSYS is based into the MIMO CFD model, which takes into account buildings obstacles. The model includes steady three-dimensional system of Reynolds equations, k-ε model of turbulence and the "advection-diffusion" equation to simulate pollution transport on-line coupled with a simple chemistry mechanism for O 3 -NO x relationships. The third option is the most expensive method from a computational point of view, the cheapest is the CALMET-CMAQL and intermediate approach is the WRF/Chem but with a 1 km spatial resolution. The level of detail of the results is correlated with the computations cost (CPU hours needed to run the simulations). In the three options, the air quality downscaling procedure requires hourly gridded emissions for the different spatial resolutions which have been generated with a emission model. The EMIMO model is an Emission Model which is capable to estimate-in a combined bottom-up and top-down approach-, the emissions of primary pollutants. EMIMO has been developed by the UPM group, for more details [15] .
Health Impact
The methodology to estimate percentages of climate/pollution-related deaths and hospital admissions due to global climate are based on epidemiologic analysis of weather/air pollution and health data to characterize and quantify mortality/morbidity associations. The exposure-response relationships estimated from the epidemiological studies were applied to projections of climate. The short-term relationship between the daily number of deaths/hospital admissions and day-to-day fluctuations in exposure variables (temperature, heat waves, ozone and particles) for many cities are published indifferent scientific papers. The impacts of each climate scenario for air quality mortality/morbidity were assessed with an environmental health effects model developed by the US Environmental Protection Agency, the Environmental Benefits Mapping and Analysis Program (BenMAP) [16] .
Results
Spatial differences (high resolution 200 m.) of different health outcomes changes between (the large future) 2100 and 2011 (present) for RCP 4.5 and RCP 8.5 in the three European cities calculated from the WRF/Chem-CALMET-CMAQL-MICROSYS modelling system are showed. Figure 2 shows the spatial distribution of the annual mean change (%) in daily all causes mortality due to PM10 daily average, for 2050 following RCP 4.5 (left) and RCP 8.5 (right) scenario with 1 km of spatial resolution. With the RCP 8.5 climate change scenario, health problems will increase in south-east of Milan and in the west part under the RCP 4.5. For RCP 4.5 increases are located around south of the city center of Milan. In general terms, mortality change tends to decrease with RCP 4.5 and increases are detected with RCP 8.5 due to increases of the temperature and less ventilation. 
Conclusion
A micro air pollution and health coupled simulation assessment tool was proposed and applied to study the future climate and air pollution over three European cities under two IPCC RCP possible scenarios, 4.5 and 8.5. The modeling system uses a mixed downscaling tool, dynamical-diagnostic, that produces information with different computational costs (CPU time) for different spatial resolutions (1 km, 200 m and 10 m). The system includes the regional WRF/Chem model and the CALMET plus CMAQ model for the urban scale and the CFD modeling system MICROSYS. We examined the potential impacts in air quality mortality/morbidity in three large European urban areas by 2030, 2050 and 2100 using a set of global/regional/urban climate, air quality and health effects models. In this analysis, we have isolated the effect of climate change by holding local emissions and constant relative risk over time, all simulations use data from current assumptions 2011. The results of our study can support climate adaptation strategies designed to lessen the risk of air pollution concentrations exposure through mitigation of the global climate change. The most representative examples of the health impacts of future IPCC RPC climate scenarios 4.5 and 8.5 respect to 2011 are showed. The greatest impacts of the health effects of pollutants are respiratory mortality O 3 (Milan and London) and cardiovascular mortality PM10 (Madrid). On 4.5 scenarios reductions occur in all variables related to temperature values but the increases are based on the 8.5. This scenario is characterized by temperature increase peaking impact in 2100, especially in Madrid and Milan, with large increases. Due to 4.5 scenario is characterized by decreasing temperature, this situation leads to improvements in mortality climate, especially during the 2100's in Milan. 8.5 is the opposite scenario and the results show increases in human health problems by temperature. The worst impacts are expected on Milan and Madrid, 2100. The impact on Milan is double that of Madrid and Madrid impacts are 3 times the customs for London. In the highest resolution simulations (10 meters) we have observed that the building influence is very important to detect hot spots or sensible areas to be affected by the climate change. Complex urban flows are manifest in the presence of the buildings. To improve the simulation tool, further validation studies are required by comparing simulation results with field measurements.
